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(57) Abstract 



A combination, in an expansible chamber engine having at least one cam driven piston (174), of d piston drive cam (18) 
profile that alternately drives the piston to a higher or lower top dead center TDC position producing different expansion ratios, 
of a valve operating arrangement that shifts firing position between the two TDC positions selecting an expansion ratio, of a 
charge volume limiting systein that limits the charge by controlling intake valve open duration and reduces throttling losses, and 
of a control system that limits the maximum charge volume or intake displacemerit in accordance with the firing TDC and the su- 
percharged pressure thereby avoiding pre-ignition firing and allowing supercharger compression to replace cylinder compression 
instead of adding to it. 
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A DUAL MODE, PHASE SHIFTING, CAM EN6INE 

Backgroundr-FiBld of Invention 

Thi» invention riUtei to an expaniibl* chaabtr engine with caedriven 
pistons, that during operation can change expansion ratios and also Intake 
displ.ceeents to ll.it the fuel eir ch.rge. Specifically to an arrange.ent 
that shifts coebustion peaks betHeen, differing in height, top dead center 
positions on a four stroke piston drive cae, by shifting vslve and 
coebustion tiaing and liaiting the charge to prevent pre-ignition firing 
caused by the shift, by controlling open duration of the intake valve, 
and/or liiiting laxieui charge voluee so the work used to supercharge 
replaces cylinder coapression. 

Backoround-DBscription of Prior Art 

Increasing fuel efficiency or decreasing specific fuel consueption, 
SFC, in coaeercially acceptable engines has been restricted in eany Maysi 

<a) Lieiting is defined for this invention as the process of controlling 
the unthrottled fuel air charge into a cylinder by closing the intake valve 
early. In a li.ited engine as in U.S. Pat. 4,288,451, the coepression ratio 
"as increased by shaving the heads. The cylinder intake voluee was reduced 
by liBiting. The resulting coipression ratio, herein called the lieited 
coapression ratio, is lieited by pre-ignition firing to the saae aaxiiue. 
But, the voluaetric efficiency is decreased requiring a larger engine for 
the saee poiter. 

<b) Decreasing SFC by increasing expansion ratio is restricted by 
current designs offering only fixed and equal expansion and coipression 
ratios. 
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(c) Recent cylinder cutout systeis are slow iulti-revolution devices, 
not capable of tingle revolution control. 

(d) Decreasing SFC by increasing the coepression ratiot or lore 
relevantly the pre*ignltion pressure to ataospheric pressure ratio, is 
restricted by the eaxiiuA pre-ignition pressure and teaperature that 
avoids pre-tgnition firing. 

(e) There have been recent attetpts to decrease SFC by reducing 
displaceaent during operation. Deactivating valves, SMitching off 
cylinders, and unfortunately cooling cylinders. So far not cpiaercially 
practical. 

<f) Autoeobiies Mostly operate at 10 to 20 percent of aaxiaua poHcr 
output. Unfortunately efficiency deteriorates Mith reductions in load, 
thus engines operate in their Morst SFC region. 

(g) Controlling engines by lieiting produces a higher hydrocarbon 
content in the waste gas than dots throttling. Specifically in the idle 
and loMer partial load regions, as discussed in U.8. Pat. 4,765,288. 
Briefly, after valve closure, the charge expands to fill the full cylinder 
and then is recoepressed. This expansion cools the charge lixture, albeit 
only eoeentarily, until th« charge is recoepressed to the original voluee 
that occured Mhen the valve closed. The theory stated is that *the fuel 
cools relatively too euch, the fuel evaporates poorly and as a result poor 
Mixture preparation takes place** causing the higher hydrocarbon level. 

(h) One acthod for controlling valve closure hydraulically is disclosed 
in U.S. Pat. 4,466,390. Valve operation occurs as a translating fluid 
plug, interposed between a caashaft and a valve, is collapsed and refilled. 
This requires a hydraulic systea with the capacity to rapidly refill the 
fluid plug, an electronic systea to sense, coapute, aaplify and send a 
signal to release the fluid each cycle, and a fluid releasing valve. A 
coaplex and costly systea. 

(i) Supercharging is used to produce aorc power froa «n engine. Any 
lowering of SFC is due to increasing the aechanical efficiency, not to 
recovering additional work. Supercharger coapression adds to cylinder 
coapression. The total is Halted by pre*ignition firing. In the crossover 
speed ranges where the cylinder fills without supercharging and yet there 
is substantial supercharging, the cylinder coapression ratio is lowered to 
avoid pre-ignition firing. At lower speeds with little or no supercharging, 
the total coapression ratio is the lowered cylinder ratio, increasing the 
SFC. Coapensating for supercharger output by early intake valve closure was 
disclosed in Deutsche Patentschrift DT*PS 100 1049. Adaptable to large 
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steady state dieseli and gas engines, such as 2S00 horsepoMer, it is too 
coapleit for autOAotive use. 

(j) In throttled engines the high vacuua that occurs during deceleration 
causes rapid evaporation oi liquid fuel irom the intake manifold Nails, 
increasing exhaust esissions of carbon sonoxide CO and hydrocarbons HC. 

(k) the high teaperatures during the coebustion process produces nitrous 
oxides NOx. Catlytic reactors eust be used to reduce these eaissions. 

(1) Haxituft torque occurs when cylinders are fully charged or loaded at 
«axiau» coapression ratio. Supercharging increases the ttechanical 
efficiency and relatively loWers the expansion ratio, lowerino efficiency. 
It, does not effectively increase the output per unit displaceeent, since 
the displaceaent is increased by adding the supercharger. 

Obiscts «nd Advantages 

Accordingly, several objects and advantages of the present invention 
follow in respective order and eore Mill be apparent in the foIloHing 
sectionsi 

(a) To operate an engine selectably at eaxieue volueetric efficiency, 
or shift, to a aore fuel efficient cycle. 

(b) To decrease 8FC by utilizing a greater expansion ratio cycle. 

(c) To enable orchestrating valve and cylinder operation for each 
revolution and thus enable the rolling deactivation of cylinders called 
"skipfire*, etc.. 

(d) To decrease SFC by increasing the pre-ignition pressure at part 
load. (e) To reduce engine displaceaent without shutting off cylinders. 

<f) To ieprove part load SFC over full load. 

(g) To iaprove the pre-ignition conditions Mhen lieiting to substantially 
reduce the higher hydrocarbon level* 

(h) To provide a practical hydro-aechanical valve with reduced hydraulic 
flow rate that needs only passive control for steady state operation. 

(i) To enable the feedback of supercharger compression work into the 
engine. 

(j) To reduce the CO and HC eeissions froe rich aixture produced by 
high aanifold vacuua during deceleration and idle. 
<k} To reduce NOx eeissions froe the engine cylinder. 
(1) To increase the supercharged output per unit of true displaceeent . 

Drawing FigurM 

Fig. 1 is a siaplified sectional view of of a dual coepression ratio 
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engine. 

Fifl. 2 Is a graph of strokes and piston travel vs. shaft angle. 

Fig. 3 is a graph ofi pre-ignitlon pressure, Ppl| teeperature, Tpi| 
pressure ratio, Rpij indicated thereal efficiency, ITEj all with respect 
to the percentage of eaxieue indicated Man effaetivt pressure, XIMEP. 

Fig. 4 is a frageentary cross-sectional view of a differential style 
phase shifting, and continously variable li«itingsyste«. 

Fig. 5 graphs caa follower excursion vs. eain shaft angle for Figs. 4 1 

8. 

Fig. 6 is section of a phase shifting systee with a dual lobe valve 



call 



Fig. 7 graphs cae tollower excursion vs. shaft angle, for Fig. Ai 
Fig. 8 is the saee as Fig. 4, except showing an increiBntaily variable . 
liaiting and a trip type phase shifting systces. 
Fig. 9 is a sectional view A-A fro* Fig. B, showing the trip afchanisa. 
Fig. 18 is a scheaatic representation of a control systee for fig. I 

4. 

DMcription/ Op«ratic»n, dual compresalon ratio. Fig. I 

Description! A double sided piston drive cae 18 has a caa shape that 
undulates over the outer diaaeter of a drua shaped section of a atin drive 
shaft 34. Caa 18, the drua section and shaft 54 fora a rotor which is 
rotatably .ounted in a cylinder block asse.bly 176. A nuaber of roilerized 
double ended pistons 174 are spaced around the circuaf erence of the rotor 
and each piston end is slidably engaged within the respective cylinders. 
The rollers are rotatably aounted in piston 174 and rollably engaged with 
caa 18 such that the axial position of piston 174 is deterained by caa 18. 
Caa 18 has two eaxiaal positions in each axial direction that differ by a 
diaension 0. 

Operation! Pistons 174 drive and are driven back and forth by rotating 
caa IB, in the aanner of IC caa engines. The difference being that the two 
aaxiaal positions, respective to each piston end on caa 18, produce two 
different piston up positions. Ah upper top dead center position called 
UTDC and a lower top dead center position called LTDC. The rotation of 
shaft 54 thereby produces a periodic succession of clearance voluaes for 
each piston end. The saaller clearance volu.e 178 at UTDC produces a 
higher coapression ratio. The larger clearance voluae 172 at LTDC produces 
a lower coapression ratio. 

The periodic succession of aaxiaal and ainiaal chaaber voluaes can be 
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tetn in Fig. 2, Mhtrtin the itrokes of a four stroke engin^i intafcif 
cosprtsiioni poNtr or txpaniioni and exhauttf art detignattd on thi piiton 
travtl pradeterained by caa 18. The atrokei are divided into a power 
lection where the engine operatei tiailar to prior art faehiODf an econoey 
iection where the engine operatei aorc efficiently at the higher 
coaprttsion ratio, and a shift section illustrating the two stroke or 160 
degree phase shift required to go froe one to the other, in a aanner to bi 
explained later. 

Before the phase shift, power operationi Ignition occurs at LTDC, at 
the relatively lower coapression ratio and at the larger clearance voluaot 
The after-exhaust clearance voluae is then the saaller clearance voluae, 
yielding a saaller residual gas fraction. The coapression and expansion 
ratios are equal. Unliaited filling of the cylinder with fuel air charge 
is peraitted. Under these conditions the engine can produce aaxiaua power. 
They are also the conditions at which the aaxiaua coapression ratio 
appropriate to design considerations is set* 

During the phase shifts The relationship of piston travel to strokes is 
shifted two strokes. This corresponds to 168 degrees of aain drive shaft 
rotation for a four stroke piston drive caa. The ignition or coabustion 
point is shifted froa LTDC to UTDC, or the reverse when shifting the 
opposite direction. Valve operation aay be deactivated during the phase 
shift, depending on considerations such as valve to piston interference, 
backfire, etc.. Hore sophisticated systeas could close the valves in each 
cylinder late in the exhaust stroke and re-activate operation during the 
new exhaust stroke, for a saoother shift. 

After the phase shift, econoay operationi Ignition occurs at UTDC, at a 
higher coapression ratio and at the saaller clearance voluae. The after 
exhaust clearance voluae is the larger clearance voluae, yielding a larger 
residual gas fraction. But, the aaxiaua coapression ratio was set for 
conditions before the shift, with the cylinder operating in power aode. 
This requires that the aaxiaua charge be liaited, either by throttling to 
liait the charge density, or liaiting to liait the charge voluae by early 
or late intake valve closure, or both. By throttling or varying the charge 
density, wide open throttle position is throttled back, the throttle 
opening reduced, so as to aaintain a aaxiaua intake aanifold pressure. By 
liaiting or varying the charge voluae, the intake valve is closed either 
earlier or later to liait back the aaxiaua intake voluae. By both, each 
would be liaited in accordance with the other and the total required. The 
net result of econoey aode is the expansion ratio is increased to the 



wo 92/13178 



PCr/US92/00308 



total cylindtr voluM divided by the sealler clearance voluee. And , the 
intake displaceeent is reduced, reducing the charge and the output of 
poHer. Further, the iieited coepreieion ratio is »aintained at the reduced 
displaceeent. 

An advantage of eaintaining the lieited cpepreision ratio is that the 
SFC is decreased by increasing the pre-ignition pressure, or the 
pre-isfnition pressure ratio with respect to ateospheric pressure, for part 
load operation. The pre-ignition pressure, Ppi in psia, shown on the left 
ordinate in Fig. 3, is plotted with respect to output shown on the 
abscissa. The plot also reflects the pressure ratio of pre-ignltlon to 
ateosphcrlc pressure, Rpi, shown on the right ordinate. The output is 
expressed as the percentage of eaxieue indicated seen effective pressure, X 
isep . It can be seen that the invention pressure ratio is considerably 
higher than either the throttled or the lieited ratio. This contributes to 
the sieilarly higher plot of indicated thereal efficiency, ITE in X, shown 
for the saee conditions. The curyes of Fig. 3 are plotted froe calculations 
of the thereodynaeic conditions for various operating sodes in spark 
ignition engines. They are based on a coepression ratio of 8.9 and an 
expansion ratio of 15. They are for idealized operation and have not been 
Modified to include losses. As such, they are valid only for relative 
coaparison. 

A further advantage is apparent for part load operation when referring 
to Fig. 3. At 59 percent IMEP, this invention results in an increase in 
ITE of 21 percent. Froe 42 percent ITE, for an approxieately equivalent 
IMEP under prior art or power operation, to 51 percent ITE for econoey 
operation. The ITE of 51 percent is not only ieproved over the 42 percent 
at the equivalent output for power operation, it exceeds the ITE of 46 
percent at full load. In other words, this invention engine at part load 
is eore fuel efficient than at full load. The reverse of prior art. 

l>Hcription/Opc»ration, Fig. 4 

Eebodiaent, variable lieitingt A rollerized cae follower 24, including 
a roller 2e rotatably eounted on a roller shaft 22 fixedly attached to 
follower 24, constructed in the fore of a piston, slidable within release 
controller 36, is in rolling contact with valve cae 58 at intake cae face 
62. Valve cae 58 typically contains an exhaust cae face 74. Cae follower 
24 is hollow to accept a coepression spring 28 and a portion of a fluid 
plug 25 and slidably engage valve lifter 50. Further, at one axial location 
along cae follower 24 is a radial conduit. and an annulus 26, connecting the 
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insidt of cat follower 24 with the intide of release controller 36. 
Controller Z6 in the fore of e hollow cylinder it tlidtbly engaged with a 
lieiter housing 52. Controller 36 hai * controller annulus 36 connected to 
a return conduit 33 through a drain conduit 60 and a drain chaeber 56. 
Controller 36 is pivotally connected to a controller drive link 32 by a 
link pin 34. fl valve lifter 50 in the fore of a stepped cylinder hollow tt 
both ends has one end slidably engaged with both housing S2 and follower 
24. Lifter 50 is hollow towards the follower end to accept spring 28 and a 
portion of fluid plug 25. Fluid plug 25 is connected by a radial conduit 
with a supply annulus 43 on lifter 50 and a supply conduit 44. Supply 
conduit 44 is connected to supply 38 through check valve 42 and supply puep 
40. The hollow end of lifter 50, connected with an intake valve 48 through 
a spacer 46, is slidably engaged with housing 52. A valve spring 49 
eaintains closing force on valve 48. A step 51 between the outer diaeeters 
of lifter 50 abuts a step in lieiter housing 52. A bypass conduit 41 
connects with supply conduit 44. Conduit 41 returns hydraulic fluid through 
cutoff valve 45 and pressure relief valve 47 to supply 38. A lieiting 
actuator, scheeatically represented by encircled letters LA, is to eove 
link 32 and controlling the lieiting and hence the speed. In the sieplest 
case, it would represent a linkage systee connecting link 32 to the 
accelerator pedal. In eore sophisticated systees, it could represent 
electro-pneuaatic or electro-hydraulic pistons, operated by the central 
control systee described later. 

Eabodieent, differential shiftingi Valve cae 58 is rotatably engaged 
between a eain drive shaft 54 and a thrust bearing 64 and is in contact 
with a roller 20 at intake cae face 62. A bevel gear 68 aeshes with a gear 
on valve cae 58 and a cae drive gear 66 fixedly attached to shaft 54. Gear 
68 is rotatably counted in a gear ring 72 on a bevel gear shaft 76. Ring 
72 is rotatably eounted between drive gear 66 and bearing 64 and is 
pivotally pinned to a gear ring drive link 70. A shifting actuator is 
scheeatically represented by circled letters SA, to eove link 70 and 
thereby shift between econoey and power eodes. Any nueber of known 
apparatus can be used to accoeplish this, hydraulic or pneuaatic pistons, 
shift levers, etc.. 

Operation, variable lieitingi Pressurized hydraulic fluid is introduced 
through check valve 42 and conduit 44, coepletely filling the closed 
chaeber that fores fluid plug 25 and interconnections thereto. Rotation of 
disk cai 58 drives cae follower 24, with periodic forces produced by the 
cae, through excursion path 78 of Fig. 5. Hoveeent of follower 24 will be 
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transiitttd through the enclosed fluid to lifter 50, opening or doling 
valve 48. This eoveeent will bring follower annulus 26 to bverUpf or 
partially align with, controller annulus 3flv coepleting a flowpath froe 
plug 25 to return conduit 35. When this overlap occurs, the fluid in fluid 
plug 25 can escape and lifter 58 is free to drop. Once the overlap occurs 
it eust be eaintained until lifter 58 has returned to quiescent position- 
Spring 49 drives or biases valve 48 and lifter 58 to closed position. 
Foliowsr 24 aay still be eoving towards the lifter but, will Met little 
resistance since fluid plug 25 is released. 

Uncushioned descent of valve 48 would result in undesirable iapact with 
the valve seat upon closure, the chaaber foraed between step 51 and the 
corresponding step on housing 52 will fill with hydraulic fluid as lifter 
58 opens valve 48. As the valve closes, lifter 58 descends and fluid 
between the steps is forced through annulus 43 into fluid plug 25. Nhin 
annulus 43 is closed off f roe the step chaaber, a hydraulic cushion is 
foraed. The diaaeters between step 5i and annulus 43 can be eodified or 
shaped, lieiting leakage to control the resistance of the cushion. The 
valve clearance, with lifter 58 and intake valve 48 in the closed position, 
is set by varying thicknesses of spacer 46. 

Follower 24 reaches the extreae up position on curve 78 at about T3 in 
Fig. 5. Plug 25 is released and lifter 50 descends along curve 88. In 
prior art, curve 80 would also correspond to caa follower travel which is 
slaved to the cae drivetrain and would be built into the caa profile and, 
follower 24 would descend in the relatively short tiae period froa T3 to 
T4. Supply puap 40 would need to be of sufficient size to refill fluid 
plug 25 during the T3 to T4 tiae period. The fluid pressure on follower 24 
coabined with the force froa spring 28 aust be sufficient to aalntain 
follower 24 in contact with caa 56 during the descent. The pause in the 
extreae up position of follower 24, between T3 and T4 on curve 76 in Fig. 
5, allows lifter 58 to descend to closed position. In the closed position 
supply annulus 43 in lifter 58 overlaps supply conduit 44 and fluid plug 
25 can be refilled. If this were not the case, hydraulic fluid would flow 
continuously froa the supply once the fluid had been released. 

It is one feature of this invention that the descent of follower 24 has 
a prolonged duration such that it takes place in an extended tiae period 
froa T4 to T5. Slowing the descent to roughly one fourth of the rate froa 
T3 to T4. The extended descent of follower 24 requires that the descent of 
lifter 58 alNays occurs due to release of fluid plug 25 and not due to 
following the caa profile down, as in prior art. This aeans a saaller 
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piping and puip 46 capacity than required by the prior art to aaintain 
contact of follower 24 with cat 58. 

The beginning of valve closure is detersined Mhen follower annulus 26 
overlaps controller annulus 38. Nhen annulus 38 is positiontd the farthest 
froe annulus 26, when anulus 26 is at quiescent or down position, it takes 
longer for the* to «ove to overlap. Thtis, valve 48 is open the longtst 
duration and closure coaeencts at tiit T3 in Fig.2. Conversely, the 
shortest open duration occurs when annulus 38 is positioned closest to 
annuiut 26 and closure coeeencts at Ti. the open tiet is dttereined by the 
rtlative quiescent positions of annulus 38 and annulus 26, which in turn is 
detereined by the position of controller 36. Controller 36 can be 
positioned by eoving drive link 32 with the liaiting actuator LA. Valve 
closure can be selectively started for any intereediate ti« T2, froe Tl to 
T3, producing lifter 58 descent along curve 82 in Fig. 9. Thus, the fuel 
air charge to the cylinder can be continuously and variably liaited as it 
is by the throttle in a car. Kith a fuel saving difftrencei the throttling 
losses are eliainated. 

Intake valve 48 can be deactivated to reduce active displaceaent or, to 
close the valves during stroke shift. For active valve operation, cutoff 
valve 45 reaains closed and operation proceeds as described before. A 
signal froe the angine control lyitaa opens valve 45. The signal could be 
an applied voltage if valve 45 is solenoid operated. Fluid plug 25 can now 
escape out conduit 41 through valve 45 and pressure relief valve 47, 
provided that the fluid pressure exceeds the relief valve setting. This 
pressure setting would have a ainiaua level to prevent excessive flow froa 
supply puap 48 and a aaxieua level below the pressure needed to overcoae 
valve spring 49 and open valve 48. Thus, when cutoff valve 45 is closed, 
the intake valve is active and when open the intake valve ia deactivated. 

The above systea provides a reliable and relatively low cost 
hydro-aechanical liaiting systea, either for early or late intake valve 
closure. It needs only passive control for steady state operation. No 
tiaed signal is required for each valve cycle. 

It is a further advantage of this invention, combining liaiting with 
increased pre-ignition pressure, to iaprove coabustion and eliainate or 
substantially reduce the higher hydrocarbon level. Liaiting alone in prior 
art engines produces relatively higher hydrocarbon levels in the idle and 
lower partial load regions. A review of pre*ignition teaperature Tpi and 
pressure Ppi profiles in Fig. 3 offers an alternative theory, to that 
expressed in the referred U.S. Pat. 4,765,286. As the load is reduced in a 
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throttled engint the pre-ignition teiiptriturt increasei, whtrt« in a 
liaited engine the teeperature decreasei. And, at the load is reduced, the 
pre-ignition pressure ior both throttled and liiited operation goes down, 
with liiited going loner. At idle for lieited operation, approxiaately 2a 
percent IHEP, where the aaxiaua hydrocarbon production occurs, the absolute 
teeP^'^'ture is lower by 17 percent and the absolute pressure is lower by 25 
percent. Either of these relative conditions can have a negative effect on 
the quality of coebustion and hence contribute to higher hydrocarbon 
production. 

In this invention, the pre-ignition pressure at idle and in the lower 
partial load regions is approxiaately twice that of either throttled or 
liiited engines. And, the pre-ignition teaperature at idle has been alabst 
fully restored to throttled levels. Both changes are towards decreased 
hydrocarbon production and coabined aay reduce it below throttled levels. 

A further advantage is to reduce and possibly eliainate the CO and HC 
eaisslons that coaes froa the excessively rich aixture produced by high 
aanifold vacuua during deceleration snd idle. This vacuua rapidly 
evaporates fuel condensed on the aanifold walls. In a Halted engine, there 
is no aanifold vacuus. The aanifold pressure is essentially constant at 
ataospheric pressure. No vacuua, no rich aixture. 

Another advantage is to reduce NOx eaiasions by reducing their 
production during coabustioni The residual gas, left in the cylinder froa 
the previous cycle, acts as a diluent in the new unburned aixture. The 
absolute teaperature reached after coabustion varies inversely with the 
burned gas aass fraction. It is known that increasing this burned gas 
fraction reduces NOx eaission levels substantially. In econoay aode, where 
Bost engine operation will occur, and possibly all in an econoay aode only 
engine, the exhaust clearance voluae is larger than the coabustion 
clearance voluae. The larger voluae leaves aore unburned gas in the 
cylinder and would have the effect of decreasing the HQa eaissions. 

Operation, differential shiftingi To phase shift the two strokes, or 
the required 180 degrees, the relationship of disk caa 58 to aain drive 
shaft 54.aust shift 180 degrees on a four stroke caa. If desired, the 
valves are then deactivated as previously described. Prior to the phase 
shift, gear ring 72 is stationary. Drive gear 64 rotates with drive shaft 
54 and aeshes with the bevel gear 68. Sear 68 aeshes with disk caa 58, 
driving it in the opposite direction. The pitch diaaeters of the gear on 
caa 58 and drive gear 66 are equal. Therefore, as shift actuator SA aoves 
link 70, driving gear ring 72 circuaf erentially through 90 degrees, the 



wo 92/13178 



PCr/US92/00308 



11 

relationihip bttMCtn disk caa 58 and drive shaft 54 is shifted the required 
160 degrees. The valves are reactivated and the phase shift is coeplete. 
The exhaust valves in prior art engines have their cae profiles on the saee 
disk caa but in a different location. This is the case here and as intake 
valve cai face 62 is shiftedi e)ihaust valve cae face 74 is also shifted. 
The ease exhaust profile can be used since exhaust need not be lieitedf 
although changable for tiaing variation. Another object can be achieved by 
•odulating the tMO quiescent positions of gear ^ing 72 nith shift actuator 
SA. Specifically, the tiaing for both the intake and exhaust Valves can be 
advanced or retarded the saee aaount together. 

Description/Operation, incrmmtal MbodioHent, Fig. e Sc 9 
Eebodieent, increeental lieitings A rollerized caa follower 24A isi 
constructed in the fore of a piston on the end of a sealler shaft, slidable 
Mithin a liaiter housing S2A. Follower 24 A is eaintained in contact with a 
valve caa SGA, by a coapression spring 28A and pressure frbe hydraulic 
fluid in a chaaber 120. A release adjuster 118, constructed in the fortt of 
a piston, is adjustably affixed to folloMer 24A. The other end of spring 
28A is in contact Mith housing 52A. A valve lifter SBA ist constructed in 
the fore of a piston on the end of a sealler shaft, slidable within housing 
S2A and a cushion adjuster 108, partially exposed to fluid in chaaber 120 
and, eaintained by fluid pressure in contact with valve 4B. Valve 48 is 
springably loaded towards the closed position by valve spring 49. A cushion 
chaeber 101 is foraed between lifter 50A and adjuster 100. Hydraulic fluid 
is supplied as in Fig. 4, through supply conduit 44A. Cushion adjuster 100 
has an internal cushion annulus 106 connected through a conduit to chaaber 
120 and is adjustably affixed to housing 52A. Release adjuster 118 has a 
release face 108 on the chaaber 120 end. Lieiter housing 52A has two or 
aore ahnulii on the interface with release adjuster 118, a power annulus 
102 connected to a return conduit 35A and, an interaediate annulus 104 
connected through a release valve 122 to drain. The axis of lifter 50 in 
this eebodieent is shown behind spring 28A and follower 24A and, all are 
exposed to the fluid in chaaber 120. 

EAbodiaent, trip shifting! Valve caa S8A is rotatably engaged between a 
■ain drive shaft S4A and a bearing 64A and is contacted by rollerized caa 
follower 24A. A trip lever 112 is rotatably aounted on a shaft 116 which 
is fixedly attached to caa 5BA and has two positions of engageaent, PI and 
P2, with a trip key 114, a stop ring 110 and a detent pin 124. Stop ring 
lie is an asseably of an inner ring and an outer ring fixedly attached 
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together through a %hock absorbing eaterial, such as solded rubber. Trip 
key 114 has two positions of slidable engageeent in a stationary housingr 
Kl and K2« Trip lever 112 has two positions deteralned by detent pin 124 
Hhich is held into a detint in lever 112 by the forct of detent spring 
126. Trip lever 112 also has a tab 128 that projects into the position of 
trip key 114 during rotation if, trip key 114 is in position K2. Stop ring 
llfl is fixedly attached to shaft S4A and engages stop face 130 on lever 
112 so as to drive cae S8a. A shifting actuator is scheeatically 
represented by the encircled letters to aove trip key 112 for 

shifting betneen econoey and poMer aodes. A nuaber bf known apparatus can 
perfore this function, like the actuator in Fig. 4. Fig. 9 is a sectional 
vieH of the trip lever, clarifying the tuo positions. 

Operation, increaental lieitingt Functional operation is the saee as 
Fig. 4 except lifter 50A and folloMer 24A axes are not coincident and the 
Halting is not continously variable, occuring only at fixed positions. As 
foHoHsr 24A is driven through the excursion path in Fig. 2, fluid is 
displaced in closed chaeber 120. The Incoepressible displaced fluid raises 
lifter 50A accordingly. Lifter S0A eotion continues until release face 108 
exposes or overlaps the interaediate annulus 104 to chaaber 120. If valve 
122 is open the fluid is released and lifter 50A is driven doMn by the 
force of valve spring 49, closing valve 48. If release valve 122 is closed, 
nothing changes and follower 24A continues until face 108 exposes or 
overlaps the power annulus 102. Annulus 102 is alMays connected to return 
conduit 35A, releasing the fluid to close valve 48, so that the protracted 
refill aay be used. Depending on the distance required between annulus 102 
and annulus 184, opposing segaents of annulii could be used to stagger thee 
closely. Release valve 122 is passive except when changing operating aodes. 
Either open for econoey or closed for power aode. A hydraulic cushion is 
foraed in chaaber 101 when the shaft of lifter 50A penetrates adjuster 10B 
far enough to close off annulus 106. Variations in aanuf acturing tolerances 
or strength of cushion can be coapensated for by aoving adjuster 100 
relative to housing 52A. Release adjuster 118 can also be adjusted relative 
to follower 24A to coepensate for Manufacturing tolerances assuring yalve 
48 closure at the proper tise^ 

The addition of another annulus and valve, sieilar to annulus 104 and 
valve 122, offers other levels of Halting. A siailar annulus and valve, 
located overlapping the quiescent position of the large face on follower 
24A, could be used to retard the opening of a valve until the overlap is 
closed. And another annulus, connected to a return conduit, located to 
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just ovtrlip thff AAxiaui dtiired optn position o* the lirgt face of lifter 
S8A| could be used to lieit the eexieue opening of velve 46. 

Since continously variable speed control is required, a throttling 
systee would be used at in the prior art. During poMer operation, the ITE 
would fol low the throttled profile in Fig. 3. During econoey operation, 
the ITE would peak at the saee point as the invention profile biit, throttle 
down froe there along the dashed line shown. 

Operation, trip shiftingi Prior to the shift, stop ring 118 is engaged 
with trip lever 112, shown in position PI, driving valve cae SSA with eain 
drive shaft 54A. As lever 112 is eoved past the stationary trip key 114 in 
position Kl shown, no interaction occurs. Detent pin 124, forced into the 
detent in lever 112 by detent spring 126, holds lever 112 in position. 
Shifting 188 degrees, between econoey and power position, is accoeplished 
by shift actuator 8A-A eoving key 114 to position K2, shown in dashed 
lines. As lever 112 rotates past key 114, key 114 will now strike tab 128, 
rotating lever 112 on shaft 116 to the other detent position P2, shown in 
dashed lines in Fig, 9. This eoeentarily disconnects cae SSA froe ehaft 
54A. Undriven cae S8A will slow until stop face 138 on lever 112 engages 
the opposite stop on ring 118. The shock absorbing eaterial in stop ring 
118 will absorb the iepact. Cae 58A will continue to rotate with shaft 54A 
except, the relative positions have changed 188 degrees, phase shifting 
between econoey and power eodes. The phase shift is coeplete. Rsturning 
the position of trip key IM to Kl would cause it to stroke the leading 
edge of trip lever 112, rotating it to position Pi. Stop ring 118 would 
re-engage trip lever 112 restoring the foreer eode. 

Description/Operation, Flaplatch, Fig. A 7 

Eebodieent, flaplatch, fig. 6t A conventional rocker are Ht is driven 
by a push rod 94 and drives valve 48; rocks about fulcrue 98| is eaintained 
in contact with valve 48 and pushrod 94 by the force transeitted thru 
fulcrue 98 froe fulcrue spring 92 which pushes against a supporting 
housingi and is provided with locational stability by a shaped surface on 
fulcrue 98 held in contact by that force. Fulcrue 98s is pinned to a 
supporting housing and eay rotate ebout the pin, but it otherwise confinedf 
and has abutting face 96 and displacing surface 68, both for engageeent 
with flaplatch 16. A flaplatch 16i is pivotally and adjustably supported by 
a supporting housing and is restrained froe separating therefroei has a 
first position as shown engaging abutting face 96 and displacing surface 
88; and has a second position, detcreined when displaced out of engageeent 
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by surface 88, that is in intisate proxisity with tht action ind of 
Blectrotagnetic actuator 15} and can be held in the second position by the 
•agnetic attraction of electroeagnetic actuator IS. An electroaagnetic 
actuator 15t hat a permanent eagnet 19a and a coil ISb that when 
electrically energized counters and thus reduces the eagnet attraction 
holding flaplatch 16| and is aounted on a supporting housing. A flap spring 
86 eounted on housing 526 biases flaplatch 16 towards engageeent Mith 
fulcrue 90 Mith insufficient force to overcoee the holding force of a noh- 
energized electroeagnetic actuator 15| and sufficient force Hhen it is 
energized. A valve cae 58Bt drives pushrod 94 thru follower 24B. The 
excursion of cae fbllotier 24B in response to rotation of caie 58B is shoMn : 
in Fig* 7 and has a base line i69| an econoey lobe 166 above and dip 167 
beloM base line 169. A second dip and lobe, corresponding to operation two 
strokes later, are shOMn and Mill be explained later. 

Operation, flaplatch, fig. 6i The rocker 14 acts in the eanner of a 
conventional rocker Hhen flaplatch 16 is pressed by spring 86 into 
engageeent with fulcrue 90. The periodic forces pressing rocker 14 onto : 
fulcrue 90 are reacted thru the pivot pin, fulcrue spring 92, and thru 
abutting surface 96 into the end face of flaplatch 16. And, thru flaplatch 
16 into the supporting housing. This is a valve enabling position fpr 
flaplatch 16 in which fulcrua 90 is fixedly supported and the noraal 
positive Botion of the pushrod 94 translates into valve operation. 

Disabling valve operation occurs as followsi When valve cae 58B rotates 
to where cae follower 24B rolls into dip 167, the follower's descent 
produces a "negative" eotion for push rod 94. Both pushrod 94 and follower 
24B are being driven negatively by the reactive force froa fulcrue spring 
90. This negative action results in the fulcrue 90 pivoting in the 
direction away froa flaplatch 16, but not so far as to no longer overlap 
flaplatch 16. This action brings displacing surface 88 to bear on the 
corresponding surface of flaplatch 16, displacing flapUtch 16 into a 
position in close proxiaity of electroaagnetic actuator 15. This is the 
second position of flaplatch 16 and is potentially a holding position 
depending on the energized state of electroeagnetic actuator 15. If the 
valve is to be disabled, then the coil 15b will not be energized, and the 
flaplatch 16 will reaain held by the force of pereanent aagnetic 15a. in 
this holding position, abutting face 96 is eisaiigned with the 
corresponding end face on flaplatch 16. This aisalignaent pereits abutting 
face 96 on fulcrue 90 to swing past the end face on flaplatch 16 when 
positive action is produced by the lobe on valve cae 58B. Fulcrua 90, 
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yields resiliently to this potitivt action, disabling tht norial valvft 
operation so long as flaplatch 16 is held. 

Enabling valve operation froa the potential holding position requires 
energizing coil 15b into the enabling state and releasing the hold on 
flaplatch 16. Releasing the hold at least for the short period when fulcrua 
9B, returning to quiescent position froa the cxtreae negative action 
position Mhere the cas follower is at the bottoa of dip 58a, allows 
flaplatch 16 as driven by flap spring 86 to slide down displacing face 88 
into alignaent and engagement with abutting surface 96. This is the window 
for re-actlvatlng valve 48. 

It is one feature of this Invention that flaplatch 16 is displaced or 
positively driven out of engageeent each cycle. Prior to each lobe that 
•ay be selected. Displaced by eeans other than the holding or capturing 
device. Actuator 15. in this case. This aakes for high speed operation, 
since the holding device need only be on or off as the flap is "presented" 
and does not have to eove anything, or overcoee it's inertia. As would be 
the case in a solenoid driven latch, for exaeple. 

Fig. 7 graphs the excursion path of caa follower 24B and pushrod 94 
with respect to the tain shaft or cae 58B rotation. Caa 588 has two lobes 
that produce the excursion path showni a power lobe 166 for normally 
aspirated power aodef and a charge Halting econoay lobe 168. 

The purpose of the second dip and lobe on valve caa 586 is apparent 
when considering that one lobe can be turned on and the other off, or visa 
versa to accoaplish a two stroke shift- At the very leait, valve operation 
can be changed by shifting to another lobe and coabusting at the next 
clearance voluae. Even in constant clearance voluee crank engines. 

The ability to electrically switch on or off each valve opening, coupled 
with a selection of opening profiles, allows engine operation to be 
orchestrated by a coaputer chip. In the context of this caa engine, with 
two appropriately placed lobes, shifting froa one to the other effects a 
valve shift froa econoay aode to power aode. And, essentially only by 
aodifying the chip, the selection includes) the fuel saving rolling 
deactivation of cylinders called "skipfire"! decelleration cutout of 
cylinderai engine braking by cutting our intake operation and activating 
both exhaust lobes. Or, a two stroke phase shift froa high to low speed caa 
profiles or to accomodate Miller superchargingi etc.. 

Valve 48B and push rod 94 action in this case is shown parallel to the 
aain shaft 54B. However, follower action could also be radially disposed 
against a rocker with a right angle bend, and the resilient support at 45 
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degrees. Another fore of thit invcntiont having en overheed cee driving 
the center of the rocker, Mould have displacing surface 8B end abutting 
face 96 an integral part of the end of the rocker that ie oppotite the 
valve. Flaplatch 16 then engages rocker 14 directly and becoeee the 
functional fulcrue, and eay iven pivot slightly during velve action. The 
equivalent of fulcrue 90 would engage the rocker near the latching end, 
retaining only the spring loading and locating functiontt In this and 
other fores, fulcrue 90 need not pivot and could be disposed to slide 
linearly, etc*. In another fore the function of displacing the latch could 
be done by another linkage and/or cee. 

There are nueerous other fores possible within the scope of this 
invention.^Electroeagnetic actuator IS can be rtvised in order to hold 
when energized. A spring drlvsn ratchet paul, or hook, could capture and 
hold, or not capture end enable the flap. A eajor detereinant is the 
speed, or the rate of cycling rtguired, which is enhanced by displacing 
the flap each cycle. Slower acting fores, such as for cylinder cutout with 
a single dip and lobe, can oeit the displacing action, displacing surface 
86, and dip SSa, and, sieply be arranged to pull the flap out for 
disabling, or push it back for enabling. The actuators could be biased or 
double acting, solenoid, hydraulic, or vacuus actuators, etc.. 

Suparchargi ng 

A synergistic effect occurs when lieiting is used to control the output 
of a supercharged engine. Controlling the charge by lieiting directly 
controls the operating coapression ratio. In Fig. 2, at CI the pressure 
and teeperature conditions when the valve closes on the intake stroke are 
noeinally restored at the saec piston position on the coapression stroke, 
at C2. The voluee at C2 equals the voluee at CI and, is essentially 
unthrottled or at ataoapheric pressure. As lieiting varies this voluee the 
operating coepresslon ratio is proportionately varied. 

Any reduction in coepression ratio caused by supercharging is not 
necessary when lieiting is used, if two core eleeents are added. First, 
the supercharging pressure eust be sensed, or coeputed based on known 
engine characteristics. Second, the eaxi^ue lielter position reduced, or 
lieited back, in accordance with the supercharger pressure. Otherwise, 
stepping on the accelierator would result in pre-ignition firing. The 
coabined coepression ratio would always equals the coabination of the full 
supercharging coepression ratio and an appropf ifttely reduced operating 
coepression ratio. The supercharger coepression is always fully utilized 
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and the cylindtr coipreiftion adjustid. The result, it the engine 
accelerates into the supercharged speeds, is that the blowdown Mork 
recovered by the supercharger is noM fed back into the engine. This work 
replaces coepresston nork previously done by the piston, and thus adds 
dirtctly to shaft output. This increases the output per unit displaceeant 
and decreases SFC by sore than prior art supercharging and lieiting 
separately, the synergistic tffect. According to Zinner in Supercharging of 
IC Engines the increase in output can be froe 25 to 40 percent. The higher 
coepressionfroe supercharging can replace cylinder coepression. 

It should be noted, that these feedback advantages apply to all 
displaceaent type, or expansible chasber, engines that can have their 
aaxieue charges throttled back or liaited backi internal coebustion, 
external coebustion, other fores of heating, coepression ignition or spark 
ignition. The substantial Nork used for coepression in a diesel engine 
could be partially replaced by work recovered froe the exhaust. 

Description/Operation, Control 8ystm« Fig. 10 

A systee to control the continously variable lieiting arrangeeent in 
Fig. 4, is shown in Fig. 10. It is shown scheaatically and Illustrates the 
controls relevant to this invention. In prior art and for this invention, 
this systee would probably contain an electronic control unit or ECU in a 
control systee 164, coupled with an array of eechanical, electrical, 
pneueatic and hydraulic devices for sending, receiving and actuating. The 
ECU Nould receive input signals froe respective sensors, representative of 
engine speed, shaft position, or RPH, loading deeand on the engine, for 
exaeplc derived froe a potentioeeter coupled to an accelerator pedari54, 
supercharger speed and pressure, oil and water teaperatures, etc.. The ECU 
would contain stored data, representative of engine operating 
characteristics relative to various variable input paraneters, and provide 
appropriate output signals, such as selecting the appropriate clearance 
voluee. And, changing the ignition or coebustion tieing in accordance 
with the selected clearance voluee. These signals would control the shift 
actuator through a line 158, to put the engine in econoey or power eode 
and deactivate the valves during shifting by opening the cutoff valve 
through a line 162. Depending on eode, the accelerator stop 156 would be 
positioned to avoid overcharging the cylinders. The speed control actuator 
would control engine speed through a line 160 by controlling the open 
duration of the intake valves. 
The systee to control the dual lobe arrangeeent in Fig, 6 would be the 
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saae as for Fig. 4 except: the speed control actuator Hould operate a 
throttle as in the prior art; the accelerator stop would be oeitted since 
the liaiting function is built into the two different lobe shapes on the 
valve cae; and an appropriately tieed signal would be sent during each 
valve each cycle to select the active lobe. 

The systee to control the arrangeaent in fig. 8 would be the saee as 
for Fig. 6 except accelerator stop 156 would be elieinated and the function 
of stop 156 accoeplished by release valve 122, shown in dashed lines. 
Additional release valve positions, with different levels of lieiting,; 
could be optionally provided for supercharged coepression coepensatlon or 
work feedback I etc.. 

Summary 

Increasing the operative options in an engine is the ultimate advantage 
of this invention. Having sore eodes offers a selection of capabilities 
heretofore prohibited in a single engine. Either as eultiple eodes 
enhancing perforaance for a single fuel, or single dedicated eodes 
enhancing the perforaance for Multiple fuels. Phase shifting the operating 
stroke accesses these aodes of operation. Variations in a piston drive cae 
offers a selection of coepression and expansion ratios. Variable valve 
control offers a selection of both intake or exhaust displaceeents. Either 
continous or increeental valve control enables selecting the degree of 
throttling losses. One option being essentially none. Lieiting back in a 
higher coepression ratio eode enables eaintaining the knock-liaited 
coepression ratio at a reduced intake displaceeent, yielding a higher 
indicated theraal efficiency at part power. Liaiting back in a supercharged 
engine enables the feedback of supercharger coepression into the engine. 
Hany of these options are applicable to any single or dual fuel expansible 
chaeber engine, broadly defined as one that expands a chaaber with 
coepressed fluid to produce a useable output. 

The ability to phase shift during operation enables the achieveeent of 
several long sought goalsi The aaxieue pre-ignition pressure ratio Rpi of 
16 is aaintained at aaxieue econpay power, instead of dropping to 13 and 
lowering efficiency as in a throttled engine. Avoiding throttle associated 
losses at approxleately 59 percent power. Operating on a greater expansion 
ratio cycle at part load, takes the efficiency at part load better than at 
full load, reversing the prior art relationship. Reducing displaceeent 
without shutting off cylinders eaintains operating tceperature and thus 
perforaance. Reducing variations in aanifold vacuua that produces the rich 
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■ixture during deceltration and idlei increasing prt-ignition prttiurt and 
Uipiraturt at idle and loMer part load} and increasing burned gas aass 
fraction in econoey aodei all point at reducing HC| CO and NOx eaissions. 

Another advantage Has apparent froa a test perforaed by the Mriter. A 
vacuus guage Has connected to the intake eanifold of the 307 Oldseobile 
engine. The car was driven through various city and suburban conditions 
using noraal speedy acceleration and deceleration. The vacuus varied froa 
ie to 2B inches of aercury. The engine operated at all tiaes at a poHer 
level that Mould fall iiithin cconoay aode. The proverbial car driven by ah 
old lady schoolteacher Nould never be shifted into power aode. In a 
practical sense, the power aode could be treated as a passing gear, with 
the bulk or even all of the operation occuring in the aore fuel efficient 
and less eaissive econoay aode. 

Each of the three valve arrangeaents has it's own aeritsi Fig. 4, Mith 
cdntinously variable Halting and aodulation of tiaing, offers 
sophisticated yet passive control Nhere throttling and the associated 
losses can essentially be eliainated. Fig. 8 with speed control by 
throttling and increaental Halting plus the phase shift, is also passive, 
and further of fersi optional increaents of liaiting for idling, Hiller 
supercharging, etc.; shorter engine length} an easier to aanufacture radial 
caa profilei iaproved adjustability! and adaptability to splayed valves 
radially oriented in a spherically radiused head, reducing the critical 
surface to voluae ratio. Fig. 6 has two aodes of valve operation built into 
each tHo lobe caa profile. Shifting of the caa to shaft relationship is not 
required. Instead, the desired lobe is activated and the other deactivated, 
or visa versa. 

The high speed electrical valve control of the flaplatch systea enables 
practical valve and cylinder orchestration during an engine cycle. This 
enables skipfxre, deceleration cut*-out, engine braking, etc.. 

Liaiting with supercharging enables recovering exhaust energy as cylinder 
coanpression. This eakes Miller supercharging of an autoaotive engine 
practical and can add 25 to 48 percent to output. 

Many aodif ications and variations of the disclosed features of this 
invention are possible. For exaaplei the variable release design of Fig. 4 
can be adapted to the non-coincident fol lower 24A and lifter SeA axes 
design of Fig. 8, asking for a shorter engine or for better adjustability, 
etc. I any of the three valve arrangeaents can be incorporated into spark 
or coapression ignition engines of conventional in-line, V, or other 
designs to provide variable valve control, including those with constant 
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clearance voluies| the dual lobe shift could be effected by valvably 
releasing a fluid plug. The double ended pistons of Fig. 1 could be single 
ended. An econoey eode only engine is possible. A luiti-lobe valve caa 
offers aultiple prof iles, but needs a phase shift to access thee. A single* 
iobe-caa shaft shift in a cafl engine could aaich coapression ratios Mith 
fuels in a dual fuel engine. It is to be understood, therefore, that the 
invention can be practiced otherMise than as specifically described. 

The bottoe line for any invention, what it can achieve, is best stated 
for this invention in an autoeotive context. Using the road test results 
of the referred U. S. Pat. 4,280,431, where a 23 percent increase in KP6 
Nds Measured, against a calculated increase in indicated theraal efficiency 
for the tested engine, and, calculating the increase in the saae efficiency 
using the saae aethod for the invention engine, excluding supercharging and 
regeneration, the projected increase in HPS is 

—— 56 percent, — - 
without reducing the eaxi sua power of the engine. 

It will be apparent to anyone faailiar with the prior art, that this i« 
not Just an iaproveacnt of existing art, but a fundaaental change in the 
way an engine is operated. It is a pioneering invention representing a 
breakthrough in engine technology, in one of the aoat coapetitive and 
crowded fields. As such it deserves the broadest interpretation of the 
following claias as to the heart and the essence of this invention. 
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Claiiwt I claiai 

1. in «n expansible chaiber engine having at least one cylinder, said 
cylinder having a piston, said piston defining in part a clearance voluee 
at top dead center, said clearance voluec being one of a continous series 
of clearance voluees, the position of said piston at top dead center being 
effected by a piston drive cae, an ieprovetent coeprisingi eeans for 
continously alternating said clearance voluae betiteen a saxieue and a 
■inieue clearance volute, said einieue clearance voluee being sufficient to 
contain a power producing charge. 

» 2. The engine of claie 1, further including in an engine wherein said 
cylinder has a functional cycle following the piston top dead center 
position, an ieproveeent coeprisingi eeans for shifting said functional 
cycle to follow a subsequent clearance voluee. 

♦ * 3. The engine of claie 2, wherein said eeans for shifting in an engine 
having at least one valve controlling fluid flow to or froe said chaeber, 
drivetrain eeans for effecting operation of said valve in response to 
periodic forces froe a valve cae, and driving eeans driving said valve cae, 
coeprisesi eeans for changing the rotational relationship of said valve 
cae to said driving eeans to effect the shift for said valve. 

♦ * * 4. The engine of claie 3, further including in an engine having eeans 
for providing a fluid plug hydraulically coupling said drivetrain eeans, 
eeans for supplying pressurized hydraulic fluid to said fluid plug, and 
eeans for draining hydraulic fluid, said valve being biased towards 
closure, an ieproveeent coeprisingi 

a plug port connected to said fluid plugi 

a release port connected to said eeans for draining hydraulic fluidf and 
eeans for closing said valve effected by the advent of an overlap 
connecting said plug port and said release port, said overlap releasing 
fluid froe the hydraulic coupling thru the connection and thus 
pereitting the valve to close, said advent effected by relative eotion 
between said plug port and said release port, said relative eotion 
effected by said valve cae. 

* * ♦ » 5. The engine of claie 4, further including a valvable connection 
interposed between the drain and a port, said port selected froe the group 
consisting of said release port and a second release port, and eeans for 



wo 92/13178 



PCr/US92/003IW 



•22 ■ 

selectively Aaintaining and releaiing taid hydraulic coupling upon laid 
overlap in accordance with the state oi said valvable connection* 

* « t ft 6. The engine of claie 4, further including a cai folloMer 
following said valve caa, and eeans for returning said can folloMer to 
quiescent position after the latest effective closing point of said Valve. 

* * * * 7. The engine of claia 4, further including aeans for varying the 
position of said release porti 

* « 8. The engine of claie2f further including in an engine having at : 
least one valve controlling fluid flow to or frde said chaeber, an 
ieproveaent coaprisingi 

a valve caa having a plurality of lobes, the tiaing of said lobes 
corresponding to the tiaing of said series of clearance voluaesj and 
. aeans for selectively enabling and disabling the valve operation effected 
by each of said lobes. 

* * * 9. The engine of claia 8, wherein said aeans for selectively 
disabling and enabling includes aeans for changing the fulcruo of a rocker 
are in the drivetrain, coaprisingt 

support aeans adapted for attachaent to said engine) 

locating aeans aounted on said support aeansi said locating aeans 

defining a pivot surface adapted to contact the rocker, the aounting of 
said locating aeans adapted to define the aotion of said pivot surface, 
said locating aeans further being biased to contact the rocker with 
sufficient force to overcoae clashing in the valve drivetraini 
abutting aeans adapted to transait lateral support to said rocker, said 
lateral support effecting a fulcrua to enable noraal opening of said 
valve, said abutting aeans defining a first abuttin. surface) 
latch aeans defining a second abutting surface for contacting said first 
abutting surface and adapted to react the drive train forces which 
effect noraal opening of said valve, said latch aeans being Mounted on 
said support aeans and adapted to enable said second abutting surface 
to aove into and out of alignaent with said first abutting surface, the 
aoveaeht of said second abutting surface being essentially towards and 
away froa both said first abutting surface and the axis of the reactive 
force thru said pivot surface on said rocker) 
actuation aeans selectively operative to switch between a disabling state 
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and an enabling stati, said ditabling itatc providing for holding said 
latch aeans in a ditabling position aisaligning said abutting surfaces 
and effecting disableatnt of said valve by alloiting said abutting 
surfaces to eovc past each other in response to said drivetraln forces, 
said tnabling state providing for driving said latch eaans to an 
enabling position aligning said abuting surfaces and effecting noreal 
valve opening and closing in response to said drivetrain forces, said 
actuation eeans further including unlatching leani providing for eoving 
■aid latch aeans froa said enabling position to said disabling position 
(thereupon being selectively held or driven to said enabling position, 
said Moving effected each engine cycle prior to the advent of each of 
said lobes. 

• • * • 18. The device of claie 9, further including in said unlatching 
■eans a dip in said valve caa, said dip being beloH the base line of the 
cae profile prior to each lobe for providing negative rocker aotion to 
effect said abving. 

♦ ♦ » • ♦ 11. The device of claia 9, wherein the aeans for holding said 
latch aeans in a disabling position coeprises an electroeagnetic actuator. 

12. An iaproved valve caa for an expansible chaaber engine having a valve 
controlling fluid floM to or froa said chaaber, a caa foUoMer foUoMing a 
valve caa, drivetrain aeans effecting opening of said valve in response to 
said valve caa, said drivetrain aeans including aeans for closing said 
valve before the return of said caa foUoMer to quiescent position, 
coaprisingi aeans for returning said caa follOHsr to quiescent position 
after the latest effective closing point of said valve. 

13. A aethod in an expansible chaaber engine having at least one cylinder, 
•aid cylinder having a piston, said piston defining in part a clearance 
voluae at top dead center, said clearance voluae being one of a continous 
series of clearance voluaes, said cylinder having a functional cycle 
following the piston top dead center position, coeprising the step ofi 
shifting said functional cycle to follow a subsequent clearance voluae. 

♦ M. The aethod of claia 13, wherein said shifting step includes shifting 
to a clearance voluae having a different voluae. 
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* * 15. The iethod of clai* 14, wherein said shifting step in in engine 
hiving at least one valve controlling fluid flow to or fros said chaabtr, a 
valve caa having a plurality of lobeSi the tiaing of said lobes 
corresponding to the tiling of said series of said clearance voluiiest and 
eeans for selectively enabling and disabling valve the operation effected 
by each of said lobesi includes the steps ofs 

disabling valve operation for the lobe corresponding to said top dead 

center positioni and 
enabling valve operation for the lobe corresponding to said subsequent 

clearance volute. 

* * 16. The Method of claie 14, Mherein said shifting step in an engine 
having at least one valve controlling fluid flow to or f roe said chaaberj 

. drivetrain eeans for effecting operation of said valve in response to 
periodic forces froe a valve caa, and driving eeans driving said valve casi 
includes the step of i changing the rotational relationship of said valve 
cae to said driving eeans to effect the shift for said valve. 

* « « 17. The eethod of claie 16, further including in an engine having 
eeans for providing a fluid plug hydraulically coupling said drivetrain 
eeans, eeans for biasing said valve towards closure, eeans for supplying 
pressurized hydraulic fluid to said fluid plug, eeans for draining 
hydraulic fluid, a plug port connected to said fluid p-lug, a release port 
connected to said eeans for draining hydraulic fluid, and eeans for 
aaintaining said hydraulic coupling when said plug and release ports are 
disconnected, the step oft closing said valve by the advent of an overlap 
connecting said plug port and said release port, said advent effected by 
relative eotion between said plug port and said release port, said relative 
eotion effected by said valve cae. 

* * ♦ ♦ 18. The eethod of claie 17, further including the step of 
selectively aaintaining and releasing said hydraulic coupling upon said 
overlap in accordance with the state of a valvable connection, said 
valvable connection interposed between the drain and a port, said port 
selected froe the group consisting of said release port and a second 
release port, • 

* t # « 19. The eethod of claie 17, further including the step of varying 
the position of said release port. 
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* 28. The sethod of claia 13, Mherein said shifting step in an engine 
having at least one valve controlling fluid flow to or froe said chaeber, a 
valve cae having a plurality of lobeii the tieing of taid lobes 
corresponding to the tieing of said series of clearance voluaeSf and eeans 
for selectively enabling and disabling the valve operation effected by each 
of said lobes, includes the steps oft 
disabling valve operation for the lobe corresponding to said top dead 

center posltioni and 
enabling valve operation for the lobe corresponding to said subsequent 

clearance voluae; 

* 21. The Method of claia 28, Mherein said enabling and disabling steps in 
said eeans for selectively enabling and disabling further includes the 
steps oft 

•oving a latching eeans froi in enabling position to a disabling 
position, said latching eeans in the enabling position effecting 
support against a fulcrue surface of a rocker are, said support 
enabling operation of said valve in response to the valve cae lobes, 
said latching eeans in the disabling position having effected the 
reeoval of said support, said reeoval peraitting yielding at said 
fulcrue surface, said yielding sufficient to disable operation of said 
valve in response to said valve cae lobes, the eoveeent of the engaging 
end of said latching eeans being essentially away froe both the 
engageeent and the axis of the reactive force thru said fulcrue 
surface, said eoveeent occuring prior to the advent of each of said 
lobes to enable selectioni 
holding said latch eeans in said disabling position until enableeent is 
selected; and 

returning said latch eeans to said enabling position upon selection of 
enableeent. 

* ♦ 22. The eethod of claie 21, wherein said eoving step includes the step 
of a cae follower descending into a dip in said valve cae, said dip being 
below the base line of the cie profile prior to each of said lobes, the 
descent providing a negative rocker eotion effecting the eoveeent of said 
latch eeans thru said eoving step. 



* ♦ * 23. The device of claie 21, wherein said holding step includes the 
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step of holding iiid latch utans in a diiabling position Mith an 
electroaagnetic actuator. 

24. A device for changing the fiilcrua of an engine valve rocker are to 
selectively disable and enable the velvet said device coaprisihgi 
support eeans adapted for attacheent to said engine} 
locating eeans aounted on said support eeansy said locating leans 
defining a pivot surface adapted to contact the rockert the counting of 
said locating eeans adapted to define the aotion of said pivot surfacsy 
said locating eeans further being biased to contact the rocker Mith 
sufficient force to overcoee clashing in the valve drivetraini 
abutting eeans adapted to transeit lateral support to said rocker, said 
lateral support effecting a fulcrue to enable noreal opening of said 
valve, said abutting eeans defining a first abutting surfacei 
latch eeans defining a second abutting surface for contacting said first 
abutting surface and adapted to react the drive train forces which 
effect noreal opening of said valve, said latch eeans being eounted on 
said support eeans and adapted to enable said second abutting surface 
to eove into and out of aligneent with said first abutting surface, the 
eoveeent of said second abutting surface being essentially towards and 
away froe both said first abutting surface and the axis of the reactive 
force thru said pivot surface on said rockeri 
actuation eeans selectively operative to switch between a disabling state 
and an enabling state, said disabling state providing for holding said 
latch eeans in a disabling position eisaligning said abutting surfaces 
and effecting disableeent of said valve by allowing said abutting 
surfaces to eove past each other in response to said drivetrain forces, 
said enabling state providing for driving said latch eeans to an 
enabling position aligning said abuting surfaces and effecting noreal 
valve opening and closing in response to said drivetrain forces, said 
actuation eeans further including unlatching eeans providing for eoving 
said latch eeans froe said enabling position to said disabling 
position. 

* 25. the device of claia 24, wherein said unlatching eeans effects said 
eoving each engine cycle prior to the advent of at least one lobe on a 
valve caa, said valve cae being the driver of said valve drivetrain. 

* * 26. The device of claie 25, further including in said unlatching eeans 
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a dip in *iid vilve cm, said dip being beloN tht bite lini of the cai 
profile prior to siid lobe for providing negative rocker lotion to effect 
said, aovihg. 

• * • 27. The device of claie 25, Mherein the eeani for holding said latch 
■eans in a disabling position comprises an electroeagnetic ectuator. 

2fl. In a valve control tyttea^or an expansible chaeber engine having at 
least one valve controlling fluid floM to or froa said chaeber, said valve 
being biased tONards closure, a valve cai, drivetrain eeans for effecting 
operation of said valve in responte to periodic forces froi said vUvi caa, 
•eans for providing a fluid plug hydraulically coupling laid drivetrain 
■eans, and aeans for lupplying pressurized hydraulic fluid to said fluid 
plug, and eeans for draining hydraulic fluid, an iiproveetnt coipriiingi 
a plug port connected to said fluid plugi 

a release port connected to said eeans for draining hydraulic fluidf and 
■eans for closing said valve effected by the advent of an overlap 
connecting said plug port and said release port, said overlap releasing 
fluid froe the hydraulic coupling thru the connection and thus 
pereltting the valve to dose, said advent effected by relative aotion 
between said plug port and said release port, said relative eotion 
effected by said valve cae. 

• 29. The systee of clai» 2B, further including a valvable connection 
interposed between the drain and a port, said port selected froa the group 
consisting of said release port and a second release port, and aeans for 
selectively eaintaining and releasing said hydraulic coupling upon said 
overlap in accordance Mith the state of said valvable connection. 

• 30. The systee of claie 28, further including a cae follower following 
said valve cae, aeans for returning said cae follower to quiescent position 
after the latest effective closing point of said valve. 

» 31. The systee of claie 28, further including aeans for varying the 
position of said release port. 
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